General. 31 P NMR spectra were obtained on a Varian 600 MHz instrument with a 5 mm Varian 600DB AutoX probe tuned for phosphorus at 242.79 MHz. Spectra were run with complete 1 H decoupling. All spectra were obtained in 20% D 2 O; 31 P NMR spectra were referenced against an external phosphoric acid standard (85% H 3 PO 4 , δ = 0 ppm). Chemicals and reagents were purchased from Sigma-Aldrich (St. Louis, MO) or Fisher Scientific (Pittsburgh, PA). An Agilent 1200 series quaternary-pump equipped with a diode array detector and an Agilent single quadrupole mass spectrometer (LC-MSD SL) and a multimode-electrospray/atmospheric pressure chemical ionization source (MM-ES+APCI) was used for LC-MS analysis. For separation of assay products, a Synergi Fusion-RP 80A column (150 x 4.6 mm, 4 m, Phenomenex Torrance, CA) with 0.1% formic acid in water as the mobile phase and a flow rate of 0.5 mL/min was used. A Hansatech Oxygen Electrode (Norfolk, England) was used to measure oxygen consumption. Deuterium labeled 2-HEP was prepared as previously described. 1 LC-FTMS analysis of the samples was performed on a custom 11T LTQ-FT Ultra (Thermo-Fisher Scientific) equipped with a 1200 HPLC (Agilent) using a 2.1 x 150 mm Zic-pHILIC column (SeQuant). The samples were diluted 10-fold in 10 mM NH 4 HCO 3 (pH = 9.2) containing 90% acetonitrile and 100 µL was injected. The gradient started with 100% B (10 mM NH 4 HCO 3 containing 90% acetonitrile) for 2 min followed by a linear gradient to 50% A (10 mM NH 4 HCO 3 in water) over 13 min and then a return to initial conditions over 5 min and reequilibration for 15 min before injection of the next sample.
Stoichiometry of oxygen consumption and methylphosphonate production. Assays containing 100 M 2-HEP and 1 M reconstituted MPnS were analyzed using the oxygen electrode. Briefly, the enzyme solution was stirred in the electrode chamber until the oxygen level was stable, upon which substrate was added to initiate the reaction. After consumption of ~25 M of oxygen, as observed by the oxygen electrode, a 50 L aliquot of the assay mixture was removed and quenched with 1.5 L of 1 N H 2 SO 4 and analyzed by LC-MS. The amount of MPn produced was calculated based on a standard calibration curve for MPn (m/z = 97.0 ± 0.1), which was constructed by mixing varying concentrations of MPn and 2-HEP to equal a combined total of 100 M of both phosphonates ( Figure S2 ). The ionization efficiency of MPn appeared to be greatly affected by the presence or absence of 2-HEP. Therefore, adding 2-HEP to the standards provided the most accurate results. The experiment was performed three times.
Figure S1
: Clustal sequence alignment of HEPD with MPnS. Also shown in the alignment is 2hydroxypropyl epoxidase (HppE), another non-heme iron dependent enzyme that has structural homology with HEPD. 3 Because HEPD and MPnS are dimers with each monomer consisting of imperfect tandem repeat sequences, whereas HppE is a tetramer, the sequence of HppE is shown twice (head-to-tail) in the alignment. The Fe-binding site in the second repeat of HEPD is nonfunctional as a consequence of mutations. 4 Fe-binding residues of HEPD and HppE are colored red; Proposed Fe-binding residues of MPnS are colored blue. Possible mechanism of enzyme inactivation by (2R)-HPP. The inactivation of MPnS by (2R)-HPP must be a complex process because several phosphorus-containing products are observed: methylphosphonate, phosphate, and 2-oxopropylphosphonate. The mechanisms shown below tentatively explain the formation of methylphosphonate and 2-oxopropylphosphonate as well as enzyme inactivation, but at present we do not have a good mechanism for phosphate formation. Assuming that the initial steps for the reaction with the substrate analog (2R)-HPP are the same as those for 2-HEP, the hydroperoxo intermediate A will be formed. This intermediate could partition to generate either 2-oxopropylphosphonate and hydrogen peroxide (which can oxidize the enzyme to an inactive ferric state) or the gem-diol radical B (going through the same steps as the 2-HEP reaction). -Scission from B would then form a methylphosphonate radical, which in the absence of formate may abstract a hydrogen atom from the methyl group of acetate bound to the metal. This would generate methylphosphonate and glycolate.. Glycolate is indeed observed ( Figure S6 ) after derivatization of the organic acids as described previously 6 and subsequent analysis by LC-MS, supporting this hypothesis. Control reactions in which MPnS was not reconstituted but the reaction mixture was derivatized as described above did not display any S6 derivatized glycolate. Similarly, a control in which the MPnS reaction was run normally but 2nitrophenol hydrazine (2-NPH) was left out during the derivatization procedure did display any derivatized glycolate. Hence, the glycolate appears to be enzyme-generated. Another piece of indirect evidence supporting the mechanism is that addition of fresh Fe(II) (100 µM) or ascorbic acid (1 mM), reactivates the enzyme as shown by O 2 consumption with 2-HEP as substrate.
Hence, inactivation appears to be a consequence of oxidation of the iron. Further investigation of the reaction with (2R)-HPP will be required to elucidate the details of the mechanism by which it is converted to phsophate. Scheme S1: A possible explanation for the production of 2-OPP and MPn from the MPnS reaction with (2R)-HPP.  
